Introduction
Owing to the improvement of early diagnostic tools and anticancer drugs, the survival rate of overall cancer has increased up to 50% (Jemal et al., 2006) . However, some kinds of cancers, including those of the lung and pancreas, still show an extremely low survival rate, less than 10% (Yang et al., 2005; Jemal et al., 2006) . Thus, early diagnostic methods or a rational treatment against these cancers should be developed for increasing their survival rate. It is interesting that these types of cancers show frequent alternation in Kisten-Ras (K-Ras: Jones et al., 2008; Ding et al., 2008) . In particular, oncogenic mutation of K-Ras is a predominant event in pancreatic cancer (Jones et al., 2008) , the survival rate of which is less than 5% (Yang et al., 2005; Jones et al., 2008) .
As oncogenic Ras induces cell death and senescence through p53 activation, it is generally accepted that oncogenic Ras-mediated tumor formation should be achieved under a p53-deficient condition. Indeed, Harvey-Ras (H-Ras)-driven hepatocellular carcinoma in a p53-deficient condition is rapidly regressed by p53 re-activation (Ventura et al., 2007; Xue et al., 2007) . However, as shown in pancreatic cancers, in which p53 mutation is less than 50%, oncogenic K-Ras can coexist with wild-type p53. In mouse models, it has been proven that oncogenic K-Ras-induced tumor cells harbor functional p53 without a defect in p19/ARF (Guerra et al., 2003; Tuveson et al., 2004) . Regarding this, it has been proposed that oncogenic K-Ras can suppress p53 (Halaschek-Weiner et al., 2004; Lee et al., 2009) .
In our earlier result, we have also shown that oncogenic K-Ras suppresses p53 through induction of Snail (Halaschek-Weiner et al., 2004; Kajita et al., 2004; Lee et al., 2009) . Direct interaction of Snail and p53 reduces the expression of both proteins, whereas the inhibitor of their binding can induce p53 expression in K-Ras-mutated cells (Lee et al., 2009) . We have also found that elimination of Snail can induce p53 in K-Ras-mutated cancer cells, but not in wild-type cancer cells. These results strongly suggest that oncogenic K-Ras-mediated p53 suppression is important for tumorigenesis, in particular, in pancreatic, lung and colon cancers. However, we have not shown how Snail eliminates p53. We have already explored several possibilities, including MDM-2-mediated p53 degradation, transcriptional regulation, mitogen-activated protein kinase signaling engagement and autophagy (Lee et al., 2009) . But these mechanisms would not be involved in K-Ras-mediated p53 suppression. Thus, we examined the possibility that p53 is eliminated from an inner cell portion.
Here we showed that p53 was secreted by Snail in response to oncogenic K-Ras. It was achieved through vesicle transport so that disrupting the cytoskeleton network could block the Snail/K-Ras-induced p53 reduction. Moreover, secreted p53 was endocytosed by K-Ras-mutated cells, whereas Snail served as an autoantigen. In human cancer patient's serum, we detected an autoantibody against Snail, which would be useful for the development of an early diagnostic marker for K-Ras-mutated cancers, including pancreatic, lung and colon cancers.
Results and discussion
To address the molecular mechanism regarding Snailmediated p53 suppression, we first examined the redistribution of p53 by Snail into an undetectable fraction through general protein analysis methods, such as insoluble fraction. As p53 was made to disappear by Snail or oncogenic K-Ras (Figure 1a) , we divided cells into four fractions (nuclear, cytoplasmic, membrane/organelles and insoluble fractions). However, Snail-mediated p53 reduction was detected in all kinds of fractions, including insoluble fraction (Figure 1b ). This result indicates that p53 may be permanently eliminated by Snail. p53 was induced more dominantly by si-Snal than by si-MDM2 in K-Rasmutated cell lines (Figure 1c ; Bres et al., 2003) , suggesting that Snail-mediated p53 suppression is not linked to MDM2-mediated p53 degradation. Indeed, we have already shown that Snail has not altered the p53 half-life, transcript or ubiquitin conjugation (Supplementary Figure  S1a ; Lee et al., 2009) . To confirm this, we measured the p53 expression in Snail-transfected cells after treatment with ALLN/MG132. In contrast to MDM2-mediated suppression, reduction of p53 by Snail was not recovered by proteasome inhibitors (Figures 1d and e) .
Next, we explored the relevance of a p53 nuclearexporting mechanism using p53 NES (p53 mutated in nuclear-exporting sequence; Nie et al., 2007) and Leptomycin B (LMB; nuclear-exporting blocker; Koivusalo et al., 2006) . However, Snail reduced p53 NES expression ( Figure 2a ) and LMB did not block the Snailmediated p53 reduction (Figures 2b and c) . Real-time observation showed that the reduction of p53 by Snail was rapidly achieved (Figure 2d ). Therefore, we checked the presence of p53 in a culture media. Within 2 h, we could detect p53 in the culture media (Figure 2e ). Moreover, p53 was detected in cytosol as a vesicle-likestructure and as an extracellular region in Snail or K-Ras-transfected cells (Figure 2f and Supplementary Figure S1b ). We could also confirm median p53 and Snail through western blot (WB) analysis (Supplementary Figure S1c ). As protein can be degraded by autophagy (Qu et al., 2007) , we examined the involvement of autophagy by blocking becline. However, si-beclin did not induce p53 expression in A549 (Supplementary Figure S1d) , indicating that reduction of p53 is not achieved by autophagy.
To obtain more details about p53 secretion by Snail, we carried out immunofluorescence staining and found that Snail was located in a vesicle of cytosol with p53 (Supplementary Figure S2a) . To confirm the secretion of p53 in K-Ras-mutated cells, we carried out the glutathione S-transferase (GST) pull-down assay with Snail-GST in culture media and cell lysates. Although p53 of WCL was co-precipitated with Snail-GST bead in all kinds of cell lines, median p53 was detected only in K-Ras-mutated cell lines (Figure 2g ). This result indicates that p53 secretion is an oncogenic K-Rasdependent event. Median p53 of Panc-1 was reduced by si-Snail or dominant negative-Ras, whereas it was increased by K-Ras overexpression (Supplementary Figure S2b) . We also observed median p53 without Snail pull down in the culture media of K-Ras-mutated cells (Figure 2h ). However, p53 activation in response to DNA damage showed a resistance to secretion (Figure 2i ). This result is consistent with our earlier data that activated p53 is resistant to Snail-mediated reduction (Lee et al., 2009) . To confirm this, we reanalysed median p53 in the culture media of MCF-7 cells. When p53 was transfected, we did not observe median p53. Nevertheless, in oncogenic K-Ras or Snail co-transfected cells with p53, we detected p53 in the media (Supplementary Figure S2c) . Our results strongly suggest that p53 secretion is promoted by oncogenic K-Ras-Snail pathway.
To explore a more detailed character of the vesicle-like structure of p53 and Snail, we stained using a nuclear membrane protein, emerin (Gruenbaum et al., 2005) . It is interesting that these p53-or Snail-containing vesicle structures were enveloped by a nuclear membrane without DNA (Supplementary Figure S2d) , and that they were eliminated by si-Snail or dominant negativeRas (Supplementary Figure S2e) . However, until now we did not know how nuclear membrane proteins cooperated in p53 secretion. One of our clues was that the C-terminal region of Snail and p53 could interact with Lamin A, an important nuclear membrane protein (Supplementary Figure S2f: Genschel and Schmidt, 2000; Gruenbaum et al., 2005) . Our further investigation may provide a clearer mechanism regarding this.
As p53 was reduced by a vesicle-like transport, we examined the involvement of a cytoskeleton network that is required for vesicle movement. Disrupting the cytoskeleton network using Nocodazole (Noc; Rieder and Maiato, 2004; Park et al., 2006) , we could block the Snail or K-Ras-mediated p53 reduction (Figures 3a and b) . However, Noc can also induce G2/M arrest (Rieder and Maiato, 2004; Park et al., 2006) , and cell cycle arrest may affect p53 expression. In fact, despite the cytoplasmic vesicle-like staining of p53 in Noc-treated cells, the cellular morphology was different from control cells (Figure 3b ). To exclude this possibility, we pre-treated Aphidicolin (Aph; Collins et al., 2005) to block the cell cycle at the G1 phase and monitored the effect of Noc on the expression of p53. Similar to our earlier result, Noc blocked p53 reduction ( Figure 3c ). Moreover, Noc/Aph did not alter p53 is secreted by Snail S-H Lee et al the cell morphology, whereas p53 and Snail were stocked in the cytoplasm as a large vesicle (Supplementary Figure  S3a) . Median p53 was also diminished by Noc treatment (Figure 3d ), whereas p53 was accumulated in the cytoplasm as a vesicle (Figure 3e ). To confirm this, we monitored the real-time movement of GFP (green fluorescent protein)-p53 (Supplementary Figure S3b) . In GFP-p53-transfected PC3 cells, p53 was located in the nucleus. But p53 proteins in Snail-transfected cells were moved out from the nucleus and eliminated. Snailmediated p53 reduction was not blocked by LMB but by Aph/Noc treatment (Figures 3f and g ).
To confirm the secretion of p53 and Snail, we examined the extracellular location of p53 and Snail after fixation with paraformaldehyde and without permeabilization. Contrary to our expectation that p53 and Snail would be located in the extracellular vesicle, they were stained along the cell surface (Supplementary Figure S4a ) and the stains disappeared by si-Snail (Supplementary Figure S4a) . However, their median expression was increased by transfection of Snail or K-Ras (Supplementary Figure S4b) . Therefore, we next examined the behavior of extracellular p53. First, we treated recombinant p53 into A549 and MKN45 cell lines and checked its location. Compared with a control protein (His-lamin A) that was recovered from media, His-p53 was expressed at the whole-cell lysate (WCL) of A549 (Figure 4a ). Moreover, His-p53 was completely eliminated in the MKN45 cell and its culture media (Figure 4a ). To get more details, we incubated recombinant p53 with fresh media, an A549-cultured medium, PC3 and HCT116. Compared with His-Lamin A that was recovered in media, p53-His was detected in the WCL of HCT116 (Supplementary Figure S5a) . Moreover, p53 was not recovered in A549-cultured media or in PC3. These results indicate that p53 might be digested by protease that is secreted from the cultured cells and also resorbed by K-Ras-mutated cells. To verify this, we injected a protease inhibitor (PMSF) and an endocytosis inhibitor (Brefeldin A; BFA; Le and Nabi, 2003) into A549 and Capan-1. Inspite of a noneffect on intracellular p53 expression, both chemicals increased the expression of median p53 ( Figure 4b ). As we measured the median p53 for 1.5 h, we obtained a clear presence of the secreted p53 by the inhibition of protease and endocytosis. In fact, BFA could block the location of recombinant p53 in A549 WCL (Figure 4c) . To know the behavior of secreted Snail, we also treated recombinant Snail and compared the p53 destination. Consistent with our earlier results, the p53 middle region was recovered from WCL of A549, which was suppressed by BFA. But recombinant p53, treated in MKN45, disappeared in media and in WCL, regardless of PMSF (which mainly inhibits serine protease). These results suggested that secreted p53 would be digested not only by serine protease but also by other kinds of proteases, such as MMP (Figure 4d ). As p53 suppresses MMPs at the transcription level (Sun et al., 2000) , secreted p53 might be easily digested by elevated MMPs. However, more details can be revealed by further investigation. In contrast, Snail was recovered from media ( Figure 4d ). We also recovered the recombinant Snail without a protease inhibitor (Supplementary Figure S5b) . These results suggest that Snail would be resistant to endocytosis as well as to protease-mediated digestion.
As endocytosis of p53 was observed in K-Rasmutated cells (Figure 4a) , and as it has been reported that endocytosis was increased in K-Ras-mutated cells (Roy et al., 2008) , we examined the effect of K-Ras on p53 endocytosis. Moreover, the enhancement of endocytosis in K-Ras-mutated cells is proposed to be achieved by caveole mediation (Roy et al., 2008) . Moreover, BFA blocks caveole-mediated endocytosis selectively (Le and Nabi, 2003) . These facts imply that p53 endocytosis can be achieved by a caveole-mediated mechanism. As expected, recombinant p53 was selectively detected in the WCL of K-Ras-transfected cells (Supplementary Figure S5c) . To confirm this and to explore the engagement of caveolin-1 in p53 endocytosis, we first checked the expression of caveolin-1 expression in several kinds of cell lines. It is interesting that K-Ras-mutated cell lines showed an elevated expression of caveolin-1 (Supplementary Figure S5d) . Thus, we eliminated caveolin-1 through si-RNA (Shin et al., 2006) and measured p53 endocytosis. Si-caveolin-1 could block p53 endocytosis in A549 (Supplementary Figure S5e) . These results strongly suggest that p53 endocytosis is achieved through the Caveolin-1 system. However, for more details, further investigation and accumulated evidence are required.
If K-Ras-mutated cells could re-enter the p53 middle region selectively, this property would be useful for chemical delivery to K-Ras-mutated cells. To address this, we injected propidium iodide (PI) (Red dye) and p53-His into A549 and MKN45. PI alone was not accumulated into cells in both cell lines (Figure 4e and Supplementary Figure S6) . When, however, PI and p53-His were co-treated, we observed the accumulation of PI inner cells of A549 but not of MKN45 (Figure 4e does not block the reduction of p53 by Snail. LMB (6.4 ng/ml) was treated to MCF-7 cells for 20 h after transfection with Snail. MDM2 was used as control for LMB. (c) Immunostaining of p53 in LMB-treated cells. We could observe the reduction of p53 in Snail/ K-Ras-transfected cells. P53 was stained with fluorescein isothiocyanate and 4,6-diamidino-2-phenylindole for nucleus. (d) Real-time analysis of p53. Green fluorescent protein (GFP)-p53 or GFP-p53 and Snail were transfected into HCT116 p53À/À cells for 4 h. After the addition of complete media, we observed the expression of GFP. Despite the short-term observation, we could observe the reduction of p53 by Snail. (e) Under the similar condition as in (d) (short-term transfection for 4 h), we divided cells into three fractions and media, and examined the expression of GFP-p53. In Snail-transfected cells, we could detect GFP-p53 in media. Lamin A and H2A.X were used as nuclear marker. (f) Immunostaining of p53 shows that p53 is located in a vesicle-like structure. PC3 cells were transfected with p53 and EV or Snail for 12 h. Cells were fixed with 100% Me-OH and stained with p53 rabbit Ab (green). p53s were stained in cytoplasmic vesicles (arrows) or in the extracellular region. (g) Glutathione S-transferase (GST)-Snail pull down shows that p53 is located in media of K-Ras-mutated cells. Whole-cell lysates (WCLs) and media of 6 kinds of cells were incubated with GSTSnail (M) and Snail-associated p53 was measured. In WCL, we could observe p53-Snail binding in all kinds of cells. In contrast, median p53 was detected in the conditioned medium of capan-1 and panc-1 cells. 293 WCL of the lower panel was loaded as control. (h) A549-and HCT116-conditioned media also contain p53. The culture medium of indicating cell lines was concentrated using centricon and analysed by SDS-polyacrylamide gel electrophoresis and WB. (i) HCT116 and A549 cell lines were incubated with the indicated concentration of adriamycin for 6 h. p53 expression in WCL and media was determined by WB analysis. Actin was used as loading control. shows that p53 is located in cytoplasm as a lobular structure (red). DAPI (4,6-diamidino-2-phenylindole) was used for nuclear staining. Moreover, p53s in Noc-treated cells were not co-stained with DAPI, indicating that these vacuoles did not contain DNA. (c) Aph does not affect Snail-mediated p53 reduction, whereas Noc blocks it. To avoid the possibility that Noc-mediated G2/M arrest is responsible for retaining p53, we blocked the cell cycle progression at G1 using Aph. However, Noc could block Snail or K-Ras-mediated p53 reduction. Moreover, in this condition, cellular morphology was not altered (Supplementary Figure S4A) . (d and Supplementary Figure S6) . These results imply that p53 may be used for a K-Ras-specific delivery system through further development.
Next we checked the possibility that a p53-autoantibody may be produced by Snail-mediated-secreted p53. To address this, we examined the p53 and Snail expressions in tissue fluid. It is interesting that p53 and Snail were detected in cholangioma (which shows a high mutation frequency of K-Ras; Levi et al., 1991; Tsuda et al., 1992) , but not in hepatocellular carcinoma (K-Ras mutation of which is extremely rare; Leon and Kew 1995) p53 is secreted by Snail S-H Lee et al Figures S7a and b) . Clinical information and autoantibody expression of these tissues are summarized in our Supplementary Table S1 . We could confirm the presence of p53 in tissue fluid using ELISA (Supplementary Figure S7c) . As p53-autoAb has been reported to be detected in blood serum (Bergqvist et al., 2004; Limpaiboon et al., 2004) , we examined the presence of p53Ab and Snail Ab in tissue fluid using antigenassociated Ab pull-down assay. Consistent with our expectation, anti-p53 and anti-Snail Ab were detected in cholangioma, but not in hepatocellular carcinoma (Supplementary Figures S7d and e) . To extend this, we examined the autoAb against p53 and Snail in the blood serum of a pancreatic or bile duct cancer patient. However, anti-p53 Ab did not show relevance with cancer (data not shown). This result is consistent with the earlier result of others that p53 autoAb does not show relevance with cancer status (Bergqvist et al., 2004; Limpaiboon et al., 2004) , and also with our results that secreted p53 was rapidly eliminated by protease and endocytosis ( Figure 4a and Supplementary Figure S5a) . In contrast, Snail was resistant to protease and endocytosis ( Figure 4d and Supplementary Figure  S5b) . Thus, we checked the Snail autoAb in serum. It is interesting that expression of Snail Ab was detected in pancreatic cancer patient's serum and gallstone patient's serum (Figure 4f ). In contrast, Snail Ab was not detected in a normal healthy population (Figure 4g ). We also observed the presence of Snail Ab in lung cancer patient's serum (Supplementary Figure S8) . Clinical and pathological information are summarized in our Supplementary Table S2 . These results suggest that autoAb of Snail can be used as a cancer diagnostic marker through further investigation and development. In this study, we revealed that K-Ras/Snail promoted p53 secretion. Secreted p53 was digested by extracellular proteases partially and endocytosed by neighboring KRas-mutated cells (Supplementary Figure S9) . As p53 endocytosis was achieved by K-Ras-mutated cells, an autoantibody against p53 would be dependent on the microenvironment of cancer cells. If cancer cells were surrounded by K-Ras-mutated cells, p53 autoAb would be very low. In contrast, if K-Ras-mutated cells were located in normal cells, the autoAb of p53 would be elevated. It would be one of the reasons why autoAb of p53 does not show relevance with tumor size, grade and stage (Soussi, 2000) . Instead, using the endocytosis property of p53, through further development, we may be able to deliver chemicals to K-Ras-mutated cells. In addition, using the resistance to protease and endocytosis of Snail, we may develop an early diagnostic cancer marker in the near future, in particular for pancreatic or lung cancer.
Materials and methods

Cell culture and reagents
The cell lines used in this study were obtained from ATCC and maintained in RPMI-1640 or Dulbecco's modified Eagle's medium containing 10% fetal bovine serum. The antibodies used in this study were purchased from Santa Cruz (Santa Cruz, CA, USA) or Cell Signaling (Danver, MA, USA) (p53-R, p-Erk). Ras expression vectors and Snail vectors were provided by Dr Chi SG (Korea University) and Hung M-C (University of Texas), respectively. The chemicals used in this study were purchased from Calbiochem (San Diego, CA, USA). Recombinant p53 was obtained from Assay designs.
Cell fraction and media analysis Cell fraction analysis was carried out using a Subcell fraction Kit (Merck, NJ, USA) according to the manufacturer's protocol. For analysis of media, we collected cell-cultured media and concentrated them using Centricon (Millipore, Billerica, MA, USA) or Et-OH precipitation. After concentration, median proteins were dissolved in SDS-polyacrylamide gel electrophoresis (PAGE). Alternatively, we analysed median p53 through Snail-GST pull down.
Immunostaining and western blot analysis For cell staining, we routinely washed and fixed with 100% Me-OH and incubated with antibodies (First, Ab: 1:200, overnight at 4 1C; secondary, Ab: 1:1000, 2 h at room temperature). To detect secreted p53 and Snail, HCT116 p53À/À cells were transfected with vectors for 24 h in 1 ml PRMI 1640 and fixed by adding 1 ml of 2% paraformaldehyde without washing. After fixation, the cells were washed briefly with phosphate-buffered saline (PBS) twice and incubated with a blocking buffer (PBS þ anti-Human Ab (1:500)) to eliminate Figure 4 p53 is eliminated by protease and endocytosis, whereas Snail is resistant to them. (a) Recombinant p53 is detected in whole-cell lysates (WCL) of A549, whereas it disappears in that of MKN45 culture media and WCL. In contrast, His-lamin A (control recombinant protein) is detected in media and reduces after incubation time. This may be as a result of secreted proteases. The first and last lane are loaded recombinant proteins (His-p53; 90-280 AA and Lamin A, respectively). (b) p53 is eliminated by protease and endocytosis. A549 and Capan-1 were incubated with serine protease PMSF (1 mM) and with the endocytosis inhibitor, Brefeldin A (BFA; 10 mg/ml) for 1.5 h. After collecting the media and WCL, expression of p53 was measured by WB analysis. In the media of both cell lines, p53 is obviously detected when both inhibitors are treated. However, intracellular p53 is not altered. (c) BFA blocks the location of recombinant p53 in WCL. When A549 was incubated with BFA, recombinant p53 was not detected in WCL. (d) Snail is not re-entered and is retained in media. Treated recombinant Snail fragments are recovered in media in all kinds of cell lines. In contrast, recombinant p53 is detected in WCL of A549 but not in that of MKN45. Recombinant proteins were incubated with cell lines for 1.5 h. (e) Propidium iodine (PI) can be entered into cells when p53-His is co-incubated. As PI does not enter living cells, we incubated A549 with PI (50 mg/ml) for 4 h alone or with His-p53. PI (red) is not accumulated in cells when it is treated alone. However, when PI was co-incubated with Hisp53, we observed the accumulation of PI in a majority of cells. It is a K-Ras-specific event, hence we did not observe PI accumulation in MKN45 (Supplementary Figure S6) . (f) In human serum, we detected Snail Ab. To examine the presence of anti-Snail Ab, we collected human blood samples from pancreatic or bile ductal cancer (red letter), gallstone (green letter) and spleen failure patients (no. 18). Precleared serum with GST-bead was incubated with agarose-GST-Snail N for 1 h and applied to SDS-polyacrylamide gel electrophoresis and WB analysis with anti-human Ab and GST (glutathione S-transferase). Among these samples, no. 4, 12 and 13 patients were tumor negative because of surgery. fetal bovine serum (FBS) was used as negative control. (g) Normal blood did not react with Snail-GST. Patient no. 5 of (f) was used as positive control. A full colour version of this figure is available at the Oncogene journal online. (Lee et al., 2009) . Using jetpei, we transfected si-RNA and checked the effect after 24 h.
Recombinant proteins and GST pull down
Human Snail and p53 recombinant proteins have been described earlier (Lee et al., 2009) . To address the direct binding between p53 and Snail in media and in WCL, agarose-bead-conjugated GST or GST-Snail was incubated with cell lysate or culture media for 2 h at 4 1C. After washing with PBS and RIPA, precipitated protein was subjected to SDS-PAGE and WB.
Tissue analysis
Normal and tumor-paired cholangioma and liver tissues were obtained from the Shunchunhyang Medical Center (Supplementary Table S1 ). The tissues were rapidly frozen in a deep freezer until use. The frozen tissues were sliced and 0.5 mg of tissues was incubated in 0.25 ml serum-free medium for 30 min at 37 1C to allow the release of tissue fluid. After incubation, culture medium was collected and precipitated with 0.5 ml 100% Et-OH. The precipitated materials were dissolved using RIPA and used for SDS-PAGE and WB analysis. We also obtained the same culture medium through the same method and used it to detect p53 Ab.
p53 ELISA assay
To examine p53, we carried out ELISA following the manufacturer's protocol (Assay Design). In brief, 0.2 ml of tissue-cultured media was added to a well and incubated with detection Ab. After washing with a wash buffer, 0.2 ml substrate sol and 0.05 ml stop solution were added.
Snail Ab detection in blood samples
Human blood samples were obtained from Shunchunhyang Univ. (pancreatic cancers and gall stone patients), and from the medical center of Pusan National University (lung cancer; Supplementary Table S2) . Normal blood samples were collected from volunteer or non-cancer patients. Serum was collected by centrifugation and kept at À70 1C until use. 3 ml of serum was incubated with agarose-conjugated GST-Snail-N after pre-clearing with GST-protein. Precipitated GST-SnailAb complex was dissolved with RIPA and SDS sample buffer, and subjected to SDS-PAGE. After transfer to a PVDF membrane, the protein was incubated with anti-human Ab and anti-GST Ab.
Examination of p53 endocytosis and protein analysis
To understand K-Ras-dependent p53-endocytosis, A549 and MKN45 cells were incubated with PI (50 mg/ml) or PI þ p53 (90-280 AA; 2 mg/ml) for 4 h. After washing with PBS twice, incorporated PI was monitored using fluorescence microscopy.
To monitor the engagement of endocytosis and proteasemediated degradation in p53 reduction, cells were incubated with 5 mg/ml of p53 or Snail proteins with BFA or PMSF for 1.5 h or for indicated times. After collection of media and WCL, the locaton of the protein was determined by WB analysis.
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